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In his review of latitudinal effects on the physiological properties of animal

populations, Vernberg (1962) points out that a variety of physiological differences

occur among latitudinally separated populations of some species. The differences

are of considerable interest both to the comparative physiologist and to the ecolo-

gist, since they provide insight into the relative roles of longer term genetic

changes in populations versus shorter term physiological changes of organisms in

their adaptation to varying climatic regimes. Differences in whole body oxygen
consumption which are apparently genetically fixed have been reported fo$;

a

variety of organisms. Where these differences have been reported, they are

such as to suggest that latitudinal compensation in metabolism for temperature
occurs. In general, northern populations have a higher rate of oxygen consump-
tion than southern populations of the same or related species when determined
over a wide range of temperatures (Bullock, 1955 ; Prosser, 1955 ; Vernberg, 1962;
Tashian and Ray, 1957; Hutchison, Whitford and Kohl, 1968).

Several investigators have compared the metabolic rates of latitudinally sepa-
rated populations of the same species of anuran. Tashian and Ray (1957) com-

pared northern and southern subspecies of Bufo boreas and found no significant dif-

ferences between them. Jameson, Taylor and Montjoy (1970) however, report
a great deal of variability in metabolic rates among populations of the frog, Hyla
regilla. Dunlap (1972) reports that for warm acclimated Acris crepitans, South
Dakota frogs have higher metabolic rates at low temperatures than do Texas frogs.

When comparing latitudinally separate populations one would hope to dis-

tinguish between short-term, environmentally induced variations in metabolic

patterns and those that are genetically determined. However, the occurrence of

marked seasonal changes in the metabolic rates of intact frogs which has been

reported for a number of species, e.g., Rana fusca (Krogh, 1904) ; R. esculenta

( Stangenberg, 1955) ; R. pipiens (Fromm and Johnson, 1955) ; R. temporaria

(Dolk and Postma, 1927) ; Acris crepitans (Dunlap, 1969) ; Hyla regilla

(Jameson et al., 1970), can complicate the interpretation of comparative studies.

That these changes are not due to short-term thermal acclimation to seasonal

differences in temperature is evidenced by the fact that recent investigators who
have reported the seasonal changes have compared animals acclimated at the same

temperatures (Stangenberg, 1955; Dunlap, 1969; Jameson et al., 1970).

There is little organized information available on the latitudinal effects on seasonal

shifts in metabolic rates. However, in many Amphibia, including Acris crepitans,
southern populations have a longer breeding season and a shorter period of dorm-

ancy than more northern populations (Stebbins, 1951). If the seasonal metabolic

changes are related to the periods of reproduction and dormancy, one could
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expect that the seasonal metabolic cycles of latitudinally separated populations
would be out of phase with each other. When thermally acclimated samples of

latitudinally separated populations are compared at some point in time and differ-

ences found, one cannot determine whether the observed differences are due to

differences in the genotypes of the populations or simply to the comparison of two

non-homologous points in a seasonal metabolic cycle in the acclimatized (scnsu

Prosser, 1958) populations. Conversely, the seasonal differences could conceivably
mask genetically controlled differences between the populations.

Consequently, in view of the paucity of information concerning latitudinal

effects and latitudinal-seasonal interactions on the metabolic rates of anurans, a

comparison was made of the seasonal changes in the metabolic rates of acclimated

cricket frogs from two latitudinally widely separated populations. The results

were then compared with information on seasonal activities and environmental

and body temperatures to see if there were correlations between metabolic patterns
and the environmental temperatures which the frogs normally encounter.

MATERIALS AND METHODS

Samples of cricket frogs were collected near Vermillion, South Dakota (Lati-
tude 42 48' N; elevation 1220 ft) and Austin, Texas (Latitude 30 18' N;
elevation 615 ft). Vermillion lies approximately 870 miles north of Austin.

Frogs from South Dakota were collected at intervals between April and

early November, 1967 (Fig. 1), one to two days prior to placing them in the

acclimation chambers. Texas frogs were collected at intervals between October
and December, 1968, and between early April and early July, 1969 (Fig. 2).

The Texas frogs were shipped to Vermillion via air express and were placed in

the acclimation chambers upon arrival.

Groups of frogs were acclimated in the dark for 5-7 days (Dunlap, 1969) at

temperatures of 5, 15 or 25 1 C. They were maintained in loosely covered

glass jars and had access to free water but were not fed during the course of

acclimation.

Oxygen consumption was measured at 15 C for individual frogs using a re-

frigerated Gilson differential microrespirometer equipped with 100 ml flasks.

Each flask received 5 ml deionized water in the animal chamber and carbon

dioxide was absorbed by 1.5 ml of 20% KOH placed in the side arm. The
flasks were equilibrated for 30 min and readings were taken every 15 min for 2 hr.

Stability was routinely monitored by the insertion of a blank specimen vessel.

Metabolic rates are given as fA/g per hr STP of oxygen and are based on

the average hourly uptake over the 2 hr period. These can best be considered as

routine rates in the sense of Fry (1957) inasmuch as there was no control of

spontaneous locomotor activity during the 2 hr period of determination (Dunlap,

1971).
Animals collected at a particular time from each locality were assigned to the

three acclimation temperatures on a random basis with the restrictions that there

should be approximately equal proportions of males and females and equal propor-
tions of three arbitrarily assigned size classes within each acclimation group. I

was, however, unable to control size variation between samples taken at different

times of the year. Furthermore, South Dakota frogs averaged considerably larger
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(1.27 g) than the Texas frogs (0.90 g). Consequently, comparisons between

samples from different times of the year or between samples from the two
localities were made by direct comparison of metabolism-body weight regression
lines following a log-log transformation of the data. The statistical techniques
used in the analyses are from Li (1957) and Ostle (1963).

so -
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FIGURE 1. The three lower curves represent routine oxygen consumption in Acris crcf>itans

from South Dakota at various times of the year determined at 15 C following acclimation of

the frogs at 5, 15 and 25 C. Each point on the graph represents the predicted mean metabolic

rate for frogs weighing 1.25 grams. The vertical lines represent the 95% confidence inter-

vals for the predicted means. Symbols representing the acclimation temperatures are 5 C
(filled circle); 15 C (filled triangle); 25 C (open circle). The upper pair of lines

represent the mean maximum monthly temperatures (open square) and the mean minimum

monthly temperatures (filled square) at Vermillion, S. D.

RESULTS

Mean metabolic rates of specimens of Acris crepitans acclimated at 5, 15 or

25 C and determined at 15 C at different times of the year are shown in Figures
1 and 2. With the exception of the mean metabolic rate of frogs acclimated at

25 C and determined on 6 November, which rate is based on only two animals,

the means for the South Dakota frogs (Fig. 1) are based on samples of 5-7 ani-

mals. In all, these data are based on a total of 121 different frogs. The means
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for the Texas speciments of Acris (Fig. 2) are based on 6-8 frogs except for

the animals acclimated at 5 C and determined 8 April, 29 April, 4 October and

1 November which means are based on samples of 45 frogs. The Texas data are

based on a total of 117 animals.

Since there was marked variation in the mean body weight of samples of frogs

collected at different seasons, the mean metabolic rates shown in Figures 1 and 2

are corrected for body weight. The values for the South Dakota frogs shown in

Figure 1 are calculated for frogs of 1.25 g body weight; for the Texas frogs the
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FIGURE 2. The three lower curves represent routine oxygen consumption in Acris

crepitans from Texas at various times of the year determined at 15 C following acclimation of

the frogs at 5, 15 and 25 C. Each point on the graph represents the predicted mean
metabolic rate for frogs weighing 1.0 grams. The vertical lines represent the 95% con-

fidence intervals for the predicated means. The upper pair of lines represent the mean
maximum and mean minimum monthly temperatures at Austin, Texas. Symbols are as in

Figure 1.

corrected means are for frogs of 1.00 g body weight. The 95% confidence inter-

vals of the means are also shown in Figures 1 and 2. It should be borne in mind,

however, that the variation in the width of the confidence intervals is due not only
to the variation among variances of the samples but also to the variable sample
size and to seasonal differences in the degree of deviation of mean body weights
of the samples from the overall mean.

Acclimation effects

While there were marked differences in mean body size among samples col-

lected on different dates, on any one date the samples were stratified with respect
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to body weight and sex. Consequently, Student's t-values were calculated for all

pairs of means on any one sample date. The results are shown in Table I. As

may be seen, there is no statistically significant difference between the means of

samples acclimated at 5 and 15 C (P > 0.05) on any date for either the South

Dakota or Texas series.

No significant differences were found among the means of the three acclimation

groups from October into December (P > 0.05) except for Texas frogs acclimated

at 25 and 5 C in November (P < 0.05).

TABLE I

Student's t-ialues comparing the mean metabolic rates of samples of Acris crepitans from South Dakota

and Texas which had been acclimated at 5, 15 and 25 Cand determined at 15 Con the dates

indicated. The degrees of freedom for each calculated t-i'alue is

enclosed in parentJieses.
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transformation of the data and were compared. The initial hypothesis being tested

is that one regression line can he used for all seven sets of seasonal data (Ostle,

1963). If the hypothesis is rejected, the hypothesis of equality of the slopes

(regression coefficients) of the lines is tested. If the latter hypothesis is accepted,

the adjusted means of the sample can be compared using an analysis of covariance.

The results of these tests are shown in Table II. As may be seen, only in the

series of Texas samples acclimated at 5 C can all seven sets of data be represented

by one regression line (P > 0.25). Hence, this series of samples shows no

statistically significant seasonally related changes in metabolic rate. In all the

other sets, the hypothesis of one regression line being adequate for all is rejected

TABLE II

Comparison of the regression lines of routine metabolic rate for samples of Acris crepitans acclimated

at 5, 15 and 25 Cand determined at 15 C at different times of the year. For the Texas frogs,

the samples being compared for each acclimation temperature were determined on

8 April, 29 April, 31 May, 20 July, 4 Oct., 1 Nov. and 3 Dec. For the South

Dakota frogs the dates are 16 April, 7 May, 27 May, 24 July,
2 Oct., 18 Oct. and 6 Nov.

Locality
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In the South Dakota series of frogs which had he-en acclimated at 5 C, the

mean metabolic rates of the samples of 2 and IS October were significantly dif-

ferent from (P < 0.05) and higher than those of all the others with the exception
of the sample of 27 May. For the frogs acclimated at 15 C, the mean rates of the

2 October and the 27 May samples were significantly different from (P < 0.05)

and higher than those of samples determined on 18 October and 27 July, but were

not significantly different from the other samples. For frogs acclimated at 25 C,

the mean metabolic rates of the samples of 16 April and 7 May were significantly-

different from (P < 0.05) and higher than than those of any of the other samples

except that of 2 October. The mean rate of the latter sample, in turn, was sig-

nificantly different from (P < 0.05) and higher than those of the samples of 18

October and 6 November but did not differ significantly from the samples of 27

May and 24 July (P > 0.05).

Locality effects

Comparisons of metabolism-body weight regression equations calculated fol-

lowing a log-log transformation of the data were made for Texas and South

Dakota samples of Acris acclimated and determined at approximately the same time

of year. Samples were compared for the following six dates ; the first date in

each case represents the Texas sample : 8, 16 April ; 29 April, 7 May ; 31, 27 May ;

20, 24 July; 4, 2 October; 1, 6 November. Since the metabolic rates of frogs

acclimated at 5 and 15 C and determined at any one time were not significantly

different from each other for either the Texas or South Dakota animals, the

regression lines of the four sets of samples (5 and 15 C acclimated frogs from

both Texas and South Dakota) from each of the dates were compared. In none

of the comparisons could the hypothesis, that one regression line can be used

for all four samples be rejected (P > 0.05). In only two of the sets was P <
0.10. These were the October comparisons in which the South Dakota samples
tend to have a higher metabolic rate (120 /xl/g per hr ) than the Texas samples

(100 //1/g per hr) and the November samples in which the metabolic rates of frogs

from both localities average somewhat lower when acclimated at 5 C than when

acclimated at 15 C. No significant differences between the regression lines were

found for the 25 C acclimated frogs in the 8, 16 April (P > 0.10) ; 31, 27 May
(P > 0.25) or 1, 6 November (P > 0.25) samples. The warm acclimated Texas

and South Dakota samples were significantly different for the 29 April, 7 May
(P < 0.0005), July (P < 0.025) and October (P < 0.05) comparisons with the

mean metabolic rates of the South Dakota samples being the higher.

Metabolic rates oj Texas frogs determined at 25 C

Early April, late April and early December samples of Texas frogs which

had been acclimated at 5, 15 and 25 C were determined at 25 C as well as at

15 C and the means of the different acclimation groups on each determination

date were compared using Student's t-test. The mean metabolic rate for each

treatment of samples determined at both 15 and 25 C is shown in Figure 3.

The purpose of the determinations at 25 C was to provide additional informa-

tion on possible seasonally related changes in acclimation pattern and Qi values
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of the frogs. As was shown earlier (Table I), statistically significant acclimation

effects are apparent in April frogs when the metabolic rates are determined at 15 C.

At that temperature frogs acclimated at both 5 and 15 C are significantly different

from frogs acclimated at 25 C but not from each other. However, when both sets

of April samples are determined at 25 C, only the frogs acclimated at 5 C
differ significantly from the 25 C frogs (P < 0.02). The metabolic rates of frogs

acclimated at 15 C do not differ significantly from either the 5 or the 25 C

samples (P > 0.10). As was true for the frogs determined at 15 C, no significant

acclimation effects can be demonstrated for the December samples determined at
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FIGURE 3. Routine oxygen consumption in Acris crepitans from Texas on three different

sampling dates determined at IS and 25 C following acclimation at 5, 15 and 25 C. Deter-

minations were made on April 8-9 (a); April 29-30 (b) ;
December 3-7 (c). Each point

on the graph represents the mean metabolic rate of six frogs at the indicated determination

temperature. Symbols are as in Figure 1.

25 C (P > 0.10) although the metabolic rates of the frogs acclimated at 25 C
average higher than those acclimated at 5 or 15 C. Thus the pronounced inverse

compensation shown at lower determination temperature is replaced by either a

weak or no acclimation effect at 25 C.

Q10 values for the acutely measured- rate-temperature (R-T) curves between

15 and 25 C shown in Figure 3 fall into three groups: low (1.1) for the 25 C
frogs on 8-9 April; intermediate (1.5-1.6) for all three acclimation groups in

December and the 15 C frogs in early April; and high (2.1-2.4) for all acclimation

groups on 29-30 April and the 5 C frogs on 8-9 April. The 29-30 April values

agree with July samples (Dunlap, 1972) in having Q10 values of greater than 2.0

between 15 and 25 C. Thus the Q10 values between 15 and 25 C for the

acutely measured R-T curves tend to be relatively uniform and high for the

late April and July frogs, uniform and intermediate for the December frogs and
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variable for the early April frogs. In the latter series, the Qio values are inversely

proportional to the acclimation temperature with the Qi<> value of the warm ac-

climated frogs approximating 1.0. The OK, values for the acclimated R-T curves

between 15 and 25 C tend to be higher than those of the corresponding acute

curves, averaging 2.8 in late April and July and 1.8 in early April and December.

DISCUSSION

Although the seasonal metabolic cycles of the two populations differ in detail,

they do share a number of features in common. On any one date at each locality,

no statistically significant differences could be demonstrated between the frogs ac-

climated at 5 and those acclimated at 15 C when both were determined at 15 C.

Furthermore, the metabolic rates of frogs from Texas and South Dakota which

had been acclimated at 5 and 15 C were statistically indistinguishable when
measured at about the same time of year. The timing of the two small metabolic

peaks on the seasonal curves for the 5 and 15 C frogs (Fig. 1 and 2) in late

May and early October is similar for the two populations. For both populations,
the metabolic rates of the warm acclimated spring and summer animals are

higher than those of the frogs acclimated at 5 and 15 C when all are determined

at 15 C. Consequently, the pattern of inverse compensation at 15 C reported
for Acris in earlier papers (Dunlap, 1969, 1971 and 1972) persists throughout much
of the spring and summer at both localities. Both populations also exhibit a pro-
nounced early (8 April, Texas or 16 April, 7 May, South Dakota) spring peak
in the metabolic rates of warm acclimated frogs.

Although there are no clearcut differences in the metabolic rates of the two

populations for frogs acclimated at 5 and 15 C, the rates of warm ac-

climated frogs average higher for South Dakota frogs than for Texas animals.

From late May to October for the South Dakota frogs and from late April to

November for the Texas frogs, the metabolic rates of the warm acclimated frogs
are essentially uniform averaging about 160 /xl O2 /g per hr for the South Dakota

frogs and about 110
/*,!

O2 /g per hr for the Texas frogs. Earlier in the spring, how-

ever, rates are higher, averaging about 210 (A O2 /g per hr for the South Dakota

frogs and 180 /j\ O2 /g per hr for the Texas animals. In the autumn, the metabolic

rates of the Texas frogs remain constant or perhaps increase slightly. In the South

Dakota frogs, on the other hand, the metabolic rates of all the samples decrease

markedly after early October. The decrease is especially pronounced for the

warm-acclimated animals and by late October and early November the metabolic

rates reach the lowest levels found in this study. Although data are not available

for the winter months, the pattern suggests that the metabolic rates of the warm
acclimated Texas frogs may increase during the winter, reaching a peak in or

prior to early April. In the South Dakota animals, the metabolic rates of all three

acclimation groups may continue to drop through November. Dunlap (1969) re-

ported very low rates of metabolic activity in both warm and cold acclimated

South Dakota Acris in early April. This suggests that in winter the frogs main-

tain low metabolic rates even at moderate temperatures, then, after emerging
from hibernation "switch" to a higher metabolic level as found by 16 April in

this study.
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Precht (1958) points out that the many documented cases of seasonal and

latitudinal variation in metabolic rates as well as short-term acclimation in these

rates are apparently adaptive. He suggests that their biological significance lies in

their enabling the same animal at different times, or populations in different locali-

ties, to at least partially stabilize the rates of vital functions largely independent
of environmental temperature. In view of the evidence presented by Precht and

many others, it seems reasonable to expect that the clearcut seasonally related

changes in the rates of oxygen consumption in Acris and the consistent differences

between the populations of Acris are adaptive. Consequently, we shall examine

the available information with respect to seasonal temperature trends and the

relations between body and ambient temperature in natural populations of Acris

to see whether they show any consistent relationship to the metabolic data

presented in this paper.

One of the striking features of the metabolic rate-time of year curves shown
in Figures 1 and 2 is the consistently higher metabolic rates of frogs acclimated

at 25 C as compared to those acclimated at the lower temperatures throughout
the spring and summer. In the fall of the year the pattern changes with ac-

climation effects becoming much less pronounced. Consequently, before we can

understand what significance these metabolic rate-temperature relationships have

for field populations, we need to know when the frogs are most likely to be

warm acclimated and when they are likely to be cold acclimated. To gain an insight

into this problem we need information (1) on the normal local variations in the

temperatures to which the frogs are subjected, (2) on the thermo-regulatory
abilities of Acris under varying temperature regimes, and (3) on the temperatures
to which the frogs acclimate when subjected to daily thermoperiods in body

temperature.

Information on the first point is provided in Figures 1 and 2. These

figures show, in addition to the metabolic rates, the mean daily maximum and

minimum temperatures for Vermillion, South Dakota (Spuhler, Lytle and Moe,

1967) and Austin, Texas (Blood, 1960) for each month for which metabolic data

are available.

Fitch (1956) and Brattstrom (1963) have presented data which are pertinent
to the second point. They show that the body temperature of Acris fluctuates

less, both seasonally and daily, than might be expected on the basis of environmental

temperatures alone. Fitch reported that, for Kansas Acris, over half of the body

temperatures of 102 frogs recorded throughout the year were between 28.0 and

31.7 C. On cool sunny days he found that a frog's temperature may exceed air

temperature by 10 C or more. In warm weather, they basked less and were

usually nearer air temperature. Brattstrom, using his own and Fitch's data, is in

general agreement with Fitch and adds information concerning nocturnal thermo-

regulation. In summary, their data suggest that on sunny days in spring and

autumn when maximum air temperatures reach or exceed 15 C, basking tem-

peratures of 25 C or more may be attained. Throughout much of the spring and

summer basking temperatures of 25-30 C are common and at night, body tem-

peratures drop to levels that, on the average, lie between ambient air temperature

and water temperature.
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Information relating to the third point, i.e., the temperature to which the

frogs acclimate when subjected to a variable thermal environment, is provided by
several investigators. Heath (1963) working on the fish, Salmo clarki, and
Hutchison and Ferrance (1970) and Seibel (1970) working on the frog, Rana

pipcns, reported that when the animals were subjected to a daily thermo-period,
the critical thermal maximum acclimated to the maximum temperature during the

period. Consequently, it seems reasonable to expect that the same relationship may
apply with respect to acclimation in metabolic rates in Acris.

Based on the above information we will assume that Acris acclimates to the

basking body temperature rather than the lower body temperatures found at night
and that in sunny weather whenever air temperatures reach or exceed 15 C,

basking temperatures of 25 C or more may be attained. Consequently, as may
be seen from the curves for the mean maximum daily temperatures (Figs. 1 and

2), Texas frogs could, on the average, be expected to be warm acclimated

throughout the period from early April to October and also during periods of

clear, sunny weather later in the season. The South Dakota frogs would usually
be warm acclimated from early June to September and, in clear weather, from

April into October. If this admittedly simplified analysis is at all accurate then

the curves of the warm acclimated frogs are ecologically the most meaningful of

the curves throughout much of the study period.

Dunlap (1972) has presented evidence for a zone of metabolic insensitivity to

temperature on the acutely measured metabolic rate-temperature (R-T) curves for

warm-acclimated Acris from Texas and South Dakota. This zone extends be-

tween body temperatures of 15-25 C for South Dakota frogs and between 20-

30 C for Texas frogs in July. The mean minimum daily temperature for July
for each locality lies within the range of temperatures for which metabolic stability

can be maintained. Conseqeuntly, it was suggested that this R-T pattern, together
with the thermoregulatory ability of Acris, reflects an adaptation enabling the

frogs to maintain high and constant metabolic rates even in the face of rather

wide ranges in environmental temperature between night and day and from day
to day. It was further suggested that each population was adapted to the range
of temperature, particularly the normal minimal temperature the frogs are ex-

posed to during the daily temperature cycle. This was suggested not only by
the shift of the metabolic plateau in South Dakota frogs some 5 C to the left

relative to that of the Texas frogs, but also by the fact that the entire warm ac-

climated R-T curve extending between 5 and 35 C was so shifted. Consequently,
Texas frogs which were acclimated and determined at 15 C had uptakes that

were lower than those of South Dakota frogs determined at 15 C but similar to

those of warm acclimated South Dakota frogs determined at 10 C. Similarly.

South Dakota frogs determined at 15 C had uptakes that were similar to those

of Texas frogs determined at 20 C.

The data presented in the present paper show that, for warm acclimated frogs,

the oxygen uptake at 15 C averages about 50 /A/g per hr greater for the South

Dakota frogs than for the Texas frogs from late May to early October. Through-
out the bulk of this period, mean minimal daily temperatures lie near or above

20 C on a monthly basis for Austin and near or above 15 C for Vermillion. As
seen earlier, the South Dakota frogs at 15 C have metabolic rates similar to those
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of Texas frogs at 20 C. This, together with the insensitivity of the metabolic

rates to temperature over a wide temperature range above 15 C (South Dakota)
or above 20 C (Texas), would result in the metabolic rates -of the two populations

being about the same throughout the late spring and summer in spite of the lower

average temperatures to which the South Dakota populations are exposed.
Marked seasonal changes in the metabolic rates of intact frogs of several species

of Rana (Krogh, 1904; Dolk and Postma, 1927; Stangenberg, 1955; and Fromm
and Johnson, 1955) and in Acris crcpitans (Dunlap, 1969) have been reported.
The seasonal changes frequently include a period in the spring when metabolic

rates are considerably higher than at other seasons. This period of high oxygen
consumption has usually been considered to be related to an increase in activity

associated with the spawning season. However, reproductive activity alone is

insufficient to account for the early spring peaks in metabolic rates in Acris. The

peak in breeding activities in both populations occurs after the early spring
metabolic peak when metabolic rates have dropped to the summer levels. In

South Dakota for example, the metabolic rates are high in late April and early May
but have dropped to the summer levels by the end of May. In this area, male

Acris frequently begin calling by the middle of May, but the major breeding
choruses are found in later May and in June (Dunlap, personal observations). In

the Texas frogs, high metabolic rates were found in early April but by the end of

April the rates had dropped to summer levels. Near Austin, Texas, although

chorusing may begin in late January or February, the first records of amplexus
were not found until the middle of March and breeding may continue at intervals

throughout the summer (Blair, 1961).

An alternative explanation for the early spring metabolic peak in Acris crcpitans
is that it simply represents another example of metabolic compensation for tempera-
ture. This results in the maintenance of the metabolic rates of early spring ani-

mals at summer levels even though environmental temperatures, and presumably

body temperatures, are below summer levels.

As was pointed out earlier (Dunlap, 1972), metabolic rates for warm ac-

climated frogs at temperatures of 10 C for the South Dakota and 15 C for the

Texas frogs are approximately the same for the two populations and average
about 50 /*! Oo/g per hr less than the stabilized summer rates. These temperatures
are also about 5 C below the lower threshold temperatures permitting the stabilized

summer rates. If the mean minimal body temperature for active Acris in late

April and early May in South Dakota and in Marcli and early April in Texas

averaged about 10 and 15 C, respectively, then the high rate of oxygen consump-
tion at that time would compensate for the lower temperatures. This is most

readily seen from the Texas seasonal curve (Fig. 2). On that curve, the mean
rate on 8 April determined at 15 C (ISO /xl O2 /g per hr) is almost identical to the

July rates between 20-30 C (Dunlap, 1972). Although the mean minimal air

temperature in April is a little less than 15 C, Brattstrom (1963) found that at

night when water temperatures were higher than air temperatures Acris would

thermoregulate by moving alternately between the water and the shore and

consequently body temperatures averaged somewhat above air temperature. The
rates of South Dakota frogs determined at 15 C on 16 April and 7 May are

even higher than the July rates between 15 and 25 C (Dunlap, 1972). This sug-
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gests that the compensation is for a greater than 5 C temperature differential and

indeed, the mean minimal temperature for Vermillion in April is well below 10 C.

Much more information is needed on the ranges of body temperatures that are char-

acteristic of the frogs in early spring before a more accurate analysis can be made.

A possible model for this switch in the metabolic response to temperature exists

in the same apparent mechanism described for the difference in metabolic re-

sponses between northern and southern populations (Dunlap, 1972), i.e., a transla-

tion of the acute R-T curves to the left in the early spring and back toward the

right in summer frogs. Such a change might be mediated by response to photo-

period or perhaps, to a photoperiod-temperature interaction. This interpretation

is supported for the Texas frogs by the data shown in Figure 3. Here it can be

seen that the Qio for warm acclimated frogs is approximately 1.0 between 15 and

25 C in the early April samples while it is over 2.0 in the later April and in the

July samples (Dunlap, 1972). This suggests that the plateau of metabolic in-

sensitivity between 20 and 30 C in the July frogs has been shifted at least 5 C
to the left in the early spring frogs.

In October changes occur in the effects of acclimation on the metabolic rates

of both Texas and South Dakota frogs. The changes, however, are different for

the two populations. During this period the metabolic rates of Texas frogs which

are acclimated at 25 C exhibit little change from the summer rates. However,
the mean metabolic rates of those acclimated at 15 C and, to a lesser extent,

those of frogs acclimated at 5C, rise to levels approximating those of warm
acclimated frogs. In the frogs from South Dakota, there is an increase in the

mean metabolic rates of the frogs acclimated at 5 and 15 C in early October fol-

lowed by a sharp drop in the rates of all acclimation groups to levels approximating
those of cold acclimated spring frogs.

As a result of this change in pattern, the Texas frogs can maintain relatively

high metabolic rates on warm days in the fall and winter regardless of the tem-

perature to which they have previously been acclimated. This metabolic pattern

would seem to be consistent with the activity patterns which have been reported
for Acris in Texas. Thus, Pyburn ( 1958) reported that in the vicinity of Austin,

Texas, Acris is active throughout the year although the number of active frogs
decreases in December and January.

The increase in the metabolic rates of cold acclimated South Dakota Acris

noted in early October may have an adaptive significance similar to that of the

pattern noted in the Texas frogs. That is, it would allow the frogs to be active

on warm autumn days even though they had been cold acclimated. The abrupt drop
in metabolic rates regardless of the acclimation history noted in South Dakota

frogs later in the season may well be related to the conservation of energy reserves

during the period prior to hibernation and during hibernation. The reduction of

metabolic rates in South Dakota Acris in the winter is consistent with the

month period of hibernation in these frogs (Dunlap, 1971).

I wish to thank Mr. Joe Ideker for supplying the Texas frogs used in this

study and Mr. Gerald Polcyn for technical assistance. This investigation was
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ported in part by the General Researcli Fund of the University of South Dakota.

SUMMARY

Samples of cricket frogs were collected in South Dakota and Texas at intervals

throughout the spring, summer and autumn and acclimated for 5-7 days at 5, 15

and 25 C. Routine metabolic rates were determined at 15 C for acclimated

frogs from both localities. Sample of Texas frogs collected in early April, late

April and December were determined at 25 C as well.

There were no statistically significant differences between the means of samples
acclimated at 5 and 15 C and determined at 15 C on any date for either the South

Dakota or the Texas frogs. Except for Texas frogs acclimated at 25 and 5 C
in November, no significant differences were found among the means of the

three acclimation groups from either locality from October into December. From

April through July, with the exception of the Texas samples of 31 May, the frogs
from both localities which were acclimated at 25 C had metabolic rates which were

consistently higher than and significantly different from frogs acclimated at either

5 or 15 C.

When frogs which had been collected at different times of the year and ac-

climated at the same temperature were compared, significant seasonal effects were
found in all series except the Texas frogs acclimated at 5 C. Several pronounced

seasonally related patterns were found. Low metabolic peaks were found in the 5

and 15 C acclimated frogs in late May and early October in both Texas and

South Dakota frogs. In the South Dakota frogs acclimated at 25 C, the meta-

bolic rates were highest in April and early May. The rates dropped somewhat in

late May and remained fairly uniform until early October. In later October and
November the metabolic rates of the warm acclimated frogs from South Dakota
reached the lowest levels of the year. In the Texas frogs acclimated at 25 C and

determined at 15 C, rates were highest in early April, dropped off by early May
and remained fairly uniform into November. There was an indication of a slight

increase in the metabolic rates of the warm acclimated frogs in December.

The metabolic rates of Texas and South Dakota frogs with the same acclima-

tion history were compared at approximately the same time of year. In no case

were there significant differences attributable to locality for frogs acclimated at

either 5 and 15 C. For frogs acclimated at 25 C, the mean metabolic rates of

the South Dakota frogs were consistently higher than those of seasonally com-

parable Texas frogs from April to October and showed statistically significant

differences for the 29 April-7 May, July and October comparisons.
For the Texas frogs, the presence of inverse acclimation shown in the April

frogs at 15 C with the warm acclimated animals having higher metabolic rates

than those acclimated at 5 or 15 C, is replaced by either a weak or no acclimation

effect at 25 C.

The results of this study suggest that the pattern of inverse compensation at

15 C reported for Acris in earlier papers persists throughout much of the spring

and summer in both the South Dakota and the Texas populations. The data

further demonstrate the tendency for the metabolic rates of warm acclimated
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frogs from South Dakota to be higher at determination temperatures of about

15 C than comparable rates in Texas frogs. The seasonally related differences in

the metabolic rates and also the differences in the metabolic rates of frogs from

the two localities are interpreted in terms of published data on body temperature-
environmental temperature relationships in Acris and with published climatological
data. The data are considered to be consistent with the hypothesis of the role of

metabolic patterns in the maintenance of metabolic stability in thermally instable

environments.
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